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T HE HUMAN RACE has always been ex-
posed to some ionizing radiation of cosmic

origin and from natural sources in the environ-
ment and within the body. During a lifetime, a
person who lives to be 70 years of age is exposed,
on the average, to about 9 roentgens.of radiation
from these sources. Today, however, radiation
from these sources comprises only a small por-
tion of the total exposure received by man.
Radiation-generating machines and radioactive
materials, which are being employed in nearly
all phases of the environment, constitute the
principal sources of radiation.
Knowledge of the wide variety of sources and

of the levels of radiation exposure is essential
to the planning and conducting of a sound
radiological public health program. Data
available in the literature on the extent of radi-
ation exposures in the United States are re-
viewed here to aid the many State and local
health departments engaged in determining
and evaluating radiation sources affecting pub-
lic health in their areas. Neither the control
of radiation exposure nor specific public health
effects of the exposure are discussed in this
paper.

Mr. Moeller, a sanitary engineer, is an environ-
mental radiation specialist with the radiological
health branch, Division of Engineering Re-
sources, Bureau of State Services, Public Health
Service. Mr. Terrill is acting chief of the
branch and chairman of the Committee on
Radiological Health of the Engineering Section,
American Public Health Association. Dr.
Ingraham is assistant chief of the branch.

Medical and Dental Uses of X-ray

In the United States today, more than 125,000
X-ray units are being used for diagnosis and
therapy-approximately 50,000 by general
practitioners, physician specialists, radiologists,
and in hospitals and clinics (1) ; 65,000 by den-
tists; and 11,000 by doctors of osteopathy and
doctors of chiropractic.
In the operation of these X-ray units, more

than 215,000 medical-technical personnel are
potentially exposed to radiation. These per-
sonnel include about 3,000 radiologists devoting
full time to their specialty, 500 physicians de-
voting most of their time to radiology, 600
physicians who are second- and third-year resi-
dents in radiology, 31,000 general practitioners
and specialists owning their own equipment
(1), 67,000 dentists, 11,000 osteopaths and
chiropractors, 40,000 X-ray technicians, and
probably close to 40,000 dental technicians and
assistants. This listing undoubtedly omits
many nurses, clerks, attendants, and technicians
who are exposed to radiation in a lesser degree.
Although many instances of excessive ex-

posure of X-ray personnel are reported in the
literature, few specific data are available re-
garding average exposure for these workers.
In a 3-week survey of personnel in doctors' anid
dentists' offices and X-ray departments, it was
found that abouit 3 percent of the exposures ex-
ceeded the present-day maximum permissible
dose of 0.3 roentgeni per week. However, 81.5
percent were less than 0.05 roentgen per week
(2). In a 9-month survey of personnel in
X-ray departments only, about 0.4 percent of
the exposures exceeded 0.3 roentgen per week,
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with 97 percent being less than 0.05 roentgen
per week (2).

Exposures of X-ray personnel in Public
Health Service hospitals range from 0 to 0.46
roentgen per 2-week period. An appreciable
fraction of radiologists experience exposures
averaging more than 0.1 roentgen per day.
About 20 percent of the personnel operating
photofluorographic equipment e.iceeded 0.3
roentgen per week prior to the start of a suc-
cessful radiation control program.

Operators of dental X-ray machines receive
approximately 0.1 roentgen of general body ex-
posure per eight mouth examinations, each of
which consists of ten 3-second exposures. This
figure assumes careful operation of the unit.
In conducting mass dental X-ray surveys, op-
erators can easily receive the maximum per-
missible dose of radiation even with some
rotation of operators. Persons in the immedi-

ate area of dental X-ray units can receive
appreciable percentages of the maximum per-
missible dose.
In addition to the operators, a considerable

portion of the general population is also ex-
posed to radiations from X-ray machines. Of
the 2,500,000 persons seen daily by physicians,
a large number have some X-ray diagnostic
procedure performed upon them by the physi-
cians, and 82,000 are referred to radiologists.
Approximately 25,000,000 X-ray examinations
are given annually by radiologists (1). Data
relative to radiation exposures resulting from
these exanminations are summarized below:

Average radia-
tion dosage Distribution

Type of examination (roentgens) (percent)
Radiographic - 2. 7 51. 88
Photofluorographic-1.0 33. 64
Fluoroscopic- 65. 0 14. 48
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Industrial X-ray installation

The radiation exposures range from approxi-
mately 1 roentgen for a photofluorographic
examination to about 65 roentgens for an aver-
age fluoroscopic examination. Using the data
in the above table and weighting each radiation
dosage by its percentage distribution, an over-
all average radiation dose can be calculated.
This average dose is 11 roentgens per exami-
nation.
X-ray treatments given annually by radiolo-

gists number more than 4,000,000 (1). These
treatments are usually confined to a very small
portion of the patient's body, and are usually
administered at several sittings. The average
total dosage per patient is about 5,000 to 7,000
roentgens.
Probably the largest single source of medical

radiation exposure in the United States is the
mass chest X-ray survey for tuberculosis. An
estimated 15,000,000 persons were given chest
X-rays in such surveys in 1950. Most of the
X-rays given in the mass survey are the photo-
fluorographic type, which results in about 1.0
roentgen exposure to the patient's chest per
examination.
Some 84,000,000 films are used annually for

dental X-ray examinations. In 1949, the 60
million persons (40 percent of the population)
who visited their dentists were potentially ex-
posed to radiation from this source. The aver-
age exposure to the patient per film is about 5
roentgens, most of the exposure being limited to
the mouth of the patient.

X-ray in Industry

Industrial X-ray devices include primarily
(a) radiographic and fluoroscopic units used
for the determination of defects in castings,
fabricated structures, and welds, and (b) fluo-

roscopic units used for the detection of foreign
material in, for example, packaged foods. At
present, there are approximately 800 industrial
radiographic installations in the United States
(3), and about 5,000 persons are potentially
exposed to radiation in the use of the equip-
ment. Industrial X-ray units, both radio-
graphic and fluoroscopic, probably number
about 2,000.
Exposure levels for personnel operating

these machines depend upon the type of in-
stallation and the operating procedures used.
Most permanent installations were designed
and the personnel assignments planned so as to
limit exposures to the levels recommended by
the National Committee on Radiation Protec-
tion at the time the installation was built.
However, the downward revision of the maxi-
mum permissible dose calls for a reevaluation
of the older installations.
Fluoroscopy is also sometimes used for the

scanning of personnel to detect pilfering.
Exposures of 0.045 to 0.09 roentgen per inspec-
tion may be received by the "subject." The
unit operator may receive 0.1 roentgen, largely
limited to his head and shoulders, for each 50
persons inspected (4).

Other potential sources of X-ray exposure in
industry are found in connection with the
manufacture, testing, and operation of high-
voltage electronic tubes. Personnel exposures
may range as high as 2.5 roentgens per day.

Commercial Use of X-ray

The use of fluoroscopy in shoe-fitting results
in radiation exposures to both operators of the
fluoroscopes and the public. Mean exposures
for the customer range from 7 to 14 roentgens
per 20-second exposure. Although the radia-
tion is intended only for the feet, dosages of
0.03 to 0.17 roentgen per 20-second exposure
may be received by the pelvis. The number of
exposures received by shoe customers is not
known. In the operation of the approximately
10,000 fluoroscopes in the United States, 30,000
to 40,000 sales people are exposed to radiation.

X-ray in Research

With the development of atomic and nuclear
physics, high-voltage X-ray machines have be-
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come familiar features of research laboratories
in universities and similar institutions. Few
data are available as to the levels of exposure
received by personnel in these radiation labora-
tories. Injuries have probably been held to a
minimum by frequent turnover of personnel.
However, in laboratories where cyclotrons, lin-
ear accelerators, and positive ion tubes, as well
as high-voltage X-ray machines, are used, it is
estimated that there is a frequency rate of "one
palpable injury per 20 to 30 man-years of active
employment in radiation work" (5).

Also in use for research purposes are about
1,500 X-ray diffraction units. Surveys of these
units by the radiological health branch of the
Public Health Service have recorded intensities
of scattered radiation up to 1 roentgen per hour.
Several cases of skin ulcers resulting from acci-
dental overexposures in the use of these units
have been reported.
Another X-ray unit found in many labora-

tories is the electron microscope. Approxi-
mately 500 are in use. Intensities of scattered
radiation from these units may range up to 1.5
roentgens per hour.

Radioisotopes Distributed by AEC

More than 900 universities, hospitals, and re-
search laboratories in 46 States have used or
are using radioisotopes produced by the Atomic
Energy Commission for medical, biological, in-
dustrial, agricultural, and scientific research,
and medical diagnosis and treatment. During
1950 an average of 45 curies of radioactive
isotopes were distributed per month. There
are currently some 7,500 persons who are di-
rectly involved in the use of these materials.
About 1 in 300 radioisotope users exceeds the
present-day maximum permissible dose in a
given week. Fifty to seventy-five percent re-
ceive less than 0.05 roentgen per week.

Patients to whom radioisotopes are adminis-
tered internally may receive up to 10 or more
roentgens whole-body exposure from diagnos-
tic doses and 75 to 100 roentgens from thera-
peutic doses. Calculated dosages to single
organs, such as the thyroid gland, range from
10,000 to 300,000 roentgens.

Radioisotopes are also used in medical ther-
apy as external sources of radiation. Beta-ray

applicators are available for the treatment of
certain eye conditions. Cobalt-60 is available
in the form of large shielded concentrated
sources for deep therapy and in the form of
small needle sources for intracavitary and in-
terstitial therapy.

Cobalt-60 is used industrially for radiog-
raphy. About 80 sources are being used in the
United States in industries such as railroading,
steel production, boiler-making, automobile
manufacture, ceramics production, pressure
vessel manufacture, and the making of castings.
The intensity of radiation from 1 curie of un-
shielded cobalt-60 at 1-foot distance is 14.4
roentgens per hour. The quantities used in in-
dustry range from 100 or 200 millicuries up to
as high perhaps as 1 curie.

Thickness gauges using radioisotopes are be-
coming more and more popular in industry.
More than 50 such gauges using strontium-90
and some 20 using other radioisotopes are pres-
ently in use in the United States. Surveys
have shown that the external radiation to
which personnel working around these units
are exposed is well below the maximum permis-
sible dose. Strontium-90 is also used to acti-
vate phosphors for use in luminous markers,
which are hermatically sealed to prevent escape
of the radioactive material.
These and other radioisotopes are being

widely used in a variety of industrial research
problems.
Within the next few years, industrial uses of

fission products are expected to become more
widespread. Through 1950, however, only
about 4 curies had been distributed by the
Atomic Energy Commission.
Wastes from the use of radioisotopes in in-

dustry, the medical profession, and research
laboratories could cause radiation exposure to
persons outside the installations using the
radioisotopes. Safe disposition procedures are
well covered in official publications.

Radium

The radiation from 1 curie of radium, in
equilibrium with its decay products and en-
closed in 0.5 mm. of platinum will produce a
gamma-ray exposure of about 9.0 roentgens per
houir at a distance of 1 foot.
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Many individuals are potentially exposed to
radiation in the medical use of radium. Pa-
tients receive radiation dosages comparable to
those given in X-ray treatment. Nurses and
other persons attending the patient are also ex-
posed during the course of treatment. Tech-
nicians and therapists often receive high ex-
posures since radium can seldom be applied ac-
curately with remote handling devices. Local
exposure to their hands often exceeds 1 roent-
gen per day. In the preparation and handling
of radon applicators, these personnel may re-
ceive additional radiation exposures.
During World War II, radium was used ex-

tensively in the United States for industrial
radiography, largely because X-ray units were
difficult to obtain. As much as 100 grams were
in use. In 1948, the amount had declined to
50 grams (6). At present, many of the radium
radiographic installations have been replaced
by X-ray machines and cobalt-60.
Radium sources are commercially available

in 25-, 50-, 100-, 200-, 300-, and 500-milligram
units. The 100- and 200-milligram units are
most commonly used. Average exposures re-
ceived by industrial personnel handling radium
-are not known.
Another industrial use of radium is in self-

luminous paint. During World War IT, several
thousand workers were using this paint, and
several hundred grams of radium were utilized.
After the war, the number of workers decreased
until in 1948 there were only about 300 (6).
Although each worker handles only a small
quantity of radium, the hazards are great since
the radium is not sealed in a container and can
therefore be ingested or inhaled.
Under present conditions, it is recommended

(National Bureau of Standards Handbook 47)
that the amount of radium-226 fixed in the body
should not exceed 0.1 microgram. Fatalities
have been known to occur when the amount was
approximately 1 microgram. Under the best
working conditions existing in 1943 in the
radium-dial-painting industry, 15 percent of
the workers accumulated more than the maxi-
mum permissible amount (7). In a recently
reported survey at an instrument shop, a degree
of radium contamination greatly in excess of
the maximum permissible concentration was
found.

It is generally accepted that the maximum
permissible concentration for radon in the air
is 10 micromicrocuries per liter (5). When
workroom ventilation requirements are met, the
radon concentration in the workroom air does
not exceed 30 percent of the maximum permis-
sible concentration. However, ventilation re-
quirements are not always met, especially in
storage and packing rooms and offices.
The normal gamma-radiation exposure re-

ceived by dial-painting workers appears to be
about 0.02 roentgen per day (5). Exposures to
radiation may also occur in the use of finished
products containing a luminous compound. A
watch may have approximately 1 microgram of
radium on it. Some clocks and aircraft instru-
ments contain from 10 to 100 micrograms of
radium. The level of exposure at the instru-
ment panel in airplanes so equipped may be 0.01
roentgen per hour, and at the pilot's body posi-
tion from 0.0002 to 0.001 roentgen per hour.
An important factor to be considered in de-

termining radiation exposure in the United
States is that radium and many other naturally
radioactive materials may be purchased on the
open market. No formal application or special
facilities are required in order to obtain these
materials.
Numerous instances of radium being lost have

been reported, all constituting danger of un-
suspected radiation exposure. Taft (8) has
reported on 107 losses, with 59 complete recov-
eries, 11 partial recoveries, 36 total losses, and
1 not recorded.

Static Eliminators

Static eliminators containing radioactive
sources are widely used in textile and paper
trades, printing and photographic processing
industries, and by telephone and telegraph com-
panies. They are also used with analytical
balances and microtomes.
One type consists of a bar containing a strip

of metal impregnated with radium. A thin
layer of gold and nickel is plated over the
radium metal strip to protect the radium and
act as a seal. The main hazards from this type
result from exposure to beta and gamma radi-
ation (alpha constitutes little external hazard)
and radon gas.
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Ewposure levels in the working areas near
these units are generally about 0.005 roentgen
per hour but may range up to 0.085 roentgen
per hour. Unless care is exercised and the nec-
essary shields used, maintenance men and other
workers whose duties require them to be close
to such units frequently can be exposed to radi-
ation levels as high as 1 roentgen per hour.
The radon hazard is small if the units are

given proper care and used in ventilated areas.
However, if the seal is broken, a radon hazard
may result. Several surveys have pointed out
that improper storage and handling of static
eliminators is common.
A second type of static eliminator contains

polonium as the radioactive source. This unit
constitutes little external radiation hazard
since the alpha particles from polonium travel
only a short distance in air. The hazards as-
sociated with its use result from ingesting, ab-
sorbing, or inhaling polonium liberated through
breaking or flaking of the gold seal.

Small polonium bars are also mounted on
brushes as static charge eliminators for phono-
graph records and photographic films.
A point about polonium that must be given

careful consideration in certain applications is
that polonium volatilizes at lower temperatures
than radium.

Shipping of Radioactive Materials

Radiation exposures can occur during the
handling and shipping of radioactive mate-
rials. Under the current regulations governing
the shipment of these materials by air, the max-
imum exposure which an airplane crew member
or passenger could receive would be 0.012 roent-
gen per hour. The maximum exposure for
pilots (flying 85 hours per month) would there-
fore be 1.02 roentgens per month (9).

Nuclear Reactors

Radiation exposures associated with the oper-
ation of nuclear reactors include those from the
reactor itself, from its ventilation and cooling
effluents, and from its fission products.
Data on the "water boiler" type reactor be-

ing built at the North Carolina State College
serves as a tentative guide in establishing the

Enriched-uranium, graphite-moderated reactor

importance of such installations as sources of
radiation exposure (10).
A maximum of some 105 curies of activity

will be present in the fuel solution of this reac-
tor. Heavy shielding will be required to limit
all radiation exposure from the reactor and its
accessories to a safe level.
At maximum operating level, 10 kilowatts,

the reactor will require 3 gallons of water per
minute for cooling. Upon leaving the reactor,
the water will contain some 1,000 disintegra-
tions per second per cubic centimeter. Assum-
ing no shielding and no internal absorption of
radiation by the water, 10 gallons of freshly
irradiated water would produce a radiation
dosage rate of approximately 0.08 roentgen per
8 hours at a distance of 5 feet. After 1 hour,
the dosage rate would drop to about 0.0008
roentgen per 8 hours at a distance of 5 feet.
Tanks for collecting and retaining this waste
water for 10 hours will be provided.
Some 40 liters per hour of waste gases will be

produced at 5 kilowatts normal operating level.
The activity of these gases will amount initially
to about 7,000 curies per kilowatt minute. After
4 hours, however, this 7,000 curies will have de-
cayed to 0.15 curie.

Solid as well as other liquid and gaseous
wastes will result if laboratory or experimental
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programs are conducted in conjunction with
operation of the reactor, or if the used nuclear
fuels are reprocessed.
A second type of nuclear reactor, an en-

riched-uranium, graphite-moderated reactor, is
being built for industrial research. It will be
operated at a maximum power level of 200 kilo-
watts. Shielding, weighing a total of 450 tons,
will be provided by 6 inches of steel and about 3
feet of "heavy" concrete. Data as to the wastes
from operation of this reactor and the possible
resulting radiation exposures have not been re-
leased.
Undoubtedly, other reactors will soon be

built at other colleges and universities and in
industry. At least five major universities have
expressed interest in following the steps of
North Carolina State College.

Particle Accelerators

In 1941, there were only some 16 cyclotron
laboratories in the United States. Today, how-
ever, more' than 100 particle accelerator- units,
including cyclotrons, synchrotrons, van de
-Graaff generators, and betatrons, are in use.

Exact determination of the type and intensity
of radiation encountered around particle ac-
celerators is often difficult and sometimes im-
possible because of the mixture of radiations
present. Beta radiation originates from the
various accelerators, but the possibility of di-
rect exposure is slight. Neutrons probably
constitute one of the main hazards, as they are
produced in profusion in the operation of cyclo-
trons and synchrotrons.
Impaired vision of several nuclear physicists

as a result of work with cyclotrons was reported

The 184-inch Berkeley synchrocyclotron

recently. The general injury rate for labora-
tory radiation workers was discussed above un-
der X-ray in Research.

AEC Activities

Activities sponsored by the Atomic Energy
Commission which result in radiation exposure
include uranium mining and milling, nuclear
reactor operations, and testing of weapons.
Uranium mining and milling in this country

is carried on primarily in the region of the
Colorado Plateau. Some 2,000 miners and
millers are engaged in this work. The mining
and processing of the ores and metals yields
dusts and fumes which are sources of radioac-
tive air pollutants. Radon gas is also a hazard.
The Public Health Service and several State
health agencies, which are active in studies of
the specific hazards in this industry, have re-
ported finding radon exposures above the maxi-
mum permissible concentration in several of the
mines. In these instances, control measures,
particularly ventilation, are being applied as
rapidly as possible. Detailed physical exami-
nations of over 1,100 workers have revealed no
evidence of health damage from radioactivity.
Atomic Energy Commission installations

conducting nuclear reactor operations are
located in many areas of the United States.
The radius of the potential health hazards of
these operations may be increased by the dis-
charge of radioactive liquid and gaseous wastes.
For example, the installation at Oak Ridge,
Tenn., discharges up to 5 curies per day of
liquid wastes to the White Oak Creek. The
potential risks are by no means always confined
to those directly associated with such activities.
For these reasons, an effective radiation control
program has been an integral part of atomic
energy operations since their inception.
In 1951, 12 bombs were detonated at the AEC

Proving Ground in Nevada. The activity 1
hour after detonation of a nominal atomic bomb
is approximately 10 9 curies. One week later,
about 10 7curies remain. Fortunately the ma-
jority of this radiation probably remains in
the upper atmosphere, but some of it is widely
distributed causing a temporary average in-
crease in radioactivity throughout the United
States.
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Accidents

Numerous instances of radiation injury from
accidents have been recorded in the literature.
Moreover, it is believed that these represent
only a small fraction of the accidents which
occur. Any radiation exposure resulting from
accidents would be in addition to the expo-
sures discussed here. Obviously, the potential
amount of exposure and the probable severity
of injury incurred in an accident would vary
with the amount of radiation involved.

Summary and Conclusions

A review of the literature reveals that the
average annual radiation exposure from medi-
cal diagnostic procedures is about 2 roentgens
per person. This exposure is received by a
large portion of the population. Other medi-
cal sources of exposure are dental X-rays and
medical radiation treatments.
Many segments of the population receive ad-

ditional exposures as a result of contact with
radioactive materials and radiation-generating
units in commerce, industry, and research.
From the data presented, it is not possible

to reach definitive conclusions as to the magni-
tude of the radiological health problem or as
to the relative importance to public health of
the several sources of ionizing radiation. It
is hoped, however, that publication of this
paper will encourage further studies which will
lead to more conclusive data.
This review, meanwhile, indicates that large

numbers of the population are currently ex-
posed to radiation appreciably in excess of
natural background. Such exposure often ap-
proaches doses recommended as the maximum
permissible for radiation workers. The sources
of these exposures vary from community to
community, and their relative health impor-
tance is continually changing.
A tremendous national effort is being made

by military and civilian agencies to expand the
production and use of radioactive materials.
It is expected that the near future will bring
nuclear reactors for power production, re-
search, and transportation into widespread use.
Many radiological health workers believe that
as this technological development occurs pro-

tection from radiation must become a major
concern of public health prograns. The time
to organize and train to meet the radiological
health responsibility of the future is at hand.
The ability of health workers to cope with pub-
lic health problems arising from the increas-
ing hazard of ionizing radiation will be more
readily developed if they learn to search out
and to deal with the radiological health prob-
lems of today.
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A complete bibliography of the source material for
this article is available from the radiological health
branch, Division of Engineering Resources, Bureau of
State Services, Public Health Service.
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